Computer-aided learning (CAL) offers enormous potential in disseminating oral health care information to patients and caregivers. The effectiveness of CAL, however, remains unclear. Objectives: The purpose of this study was to systematically review published evidence on the effectiveness of CAL in disseminating oral health care information to patients and caregivers. Materials and Methods: A structured comprehensive search was undertaken among 7 electronic databases (PUBMED, CINAHL Plus, EMBASE, SCOPUS, WEB of SCIENCE, the Cochrane Library, and PsycINFO) to identify relevant studies. Randomized controlled trials (RCTs) and observational studies were included in this review. Papers were screened by 2 independent reviewers, and studies that met the inclusion criteria were selected for further assessment. Results: A total of 2915 papers were screened, and full texts of 53 potentially relevant papers (j ¼ 0.885) were retrieved. A total of 5 studies that met the inclusion criteria (1 RCT, 1 quasi-experimental study, and 3 postintervention studies) were identified. Outcome measures included knowledge, attitude, behavior, and oral health. Significant improvements in clinical oral health parameters (P < .05) and knowledge/attitudes (P < .001) were reported in 2 of the studies. The 3 remaining studies reported improved oral health behaviors and confidence. Conclusion: There is a limited number of studies which have examined the effectiveness of CAL interventions for oral health care among patients and caregivers. Synthesis of the data suggests that CAL has positive impacts on knowledge, attitude, behavior, and oral health. Further high-quality studies on the effectiveness of CAL in promoting oral health are warranted.
INTRODUCTION
Disseminating oral self-care information to patients and caregivers is key in preventing oral diseases and maintaining oral health.
In the dental arena, CAL has been widely adopted as a means of communication and collaboration among dental practitioners to enhance dental care and services. 14, 15 CAL is an established pedagogy for the education of dental practitioners and dental students, and an integral part of distance learning. 11, [16] [17] [18] To date, studies relating to the use of CAL in dentistry have focused on the enhancement of knowledge in patient management and decision making. 19 The effectiveness of CAL and the extent to which it is used in patient and caregiver education remain unclear.
To our knowledge, no reviews have been conducted on CAL related to oral health among patients or caregivers. There has been an increasing interest in computer-assisted patient education, and this is reflected by a general increase in the number of studies included in prior reviews. For example, Krishna et al. 20 reported 13 studies up to 1994, while Lewis 21 reported 21 studies up to 1998 22 and 32 studies up to 2001 in an updated review. While fewer studies (26) have been reported in more recent reviews 23 and 25 studies reported from January 2001 to January 2008, 24 this was related to searches limited to randomized clinical trial studies 23 and studies pertaining to the impact of CAL on clinical and economic outcomes. These prior studies demonstrated the use of CAL in a variety of formats (eg, CD-ROMs, multimedia, Internet) across a wide spectrum of health care settings. The implementation of computer-assisted patient education has resulted in improvements in knowledge, attitude, clinical outcomes, and other measures such as behavior. Despite the large number of studies investigating computer patient education in the general health care setting, the number of studies on CAL related to oral health retrieved for the present review was limited. Thus, the objective of this systematic review was to evaluate the current evidence for the effectiveness of CAL in the dissemination of oral care information and education to patients and caregivers.
Methodology
Search strategy An electronic database search was undertaken using PUBMED (1950 to October 2014), CINAHL (1937 to October 2014), EMBASE (1947 to October 2014), SCOPUS (1960 to October 2014), PsycINFO (1970 to October 2014 , the Cochrane Library (1997 to October 2014), and WEB of SCIENCE (1956 to October 2014). The search had no date limit and was solely based on the indexing databases available at the University of Hong Kong library. The search terms used in this review were based on systematic reviews on "oral health," "patient's education," and "computer based education programs"23-26 and used the following keywords: computer system OR computer based OR computer assisted OR computer AND dental health education OR health promotion OR oral health OR dental hygiene OR preventive dentistry OR mouth diseases OR tooth injuries OR gum shields OR oral cancer OR toothpaste OR mouth rinse OR floss OR varnish OR antimicrobial agent OR atraumatic restorative treatment OR plaque control OR behavior training AND caregivers OR patient education. Search results were updated until July 2015. Relevant articles from reference lists were manually searched for potential papers that met inclusion criteria.
Screening and selection
Potentially relevant papers were screened independently by 2 reviewers (N.A.M., J.Z.). Studies that covered CAL and oral health were all included. The searches were not limited to the clinical oral health outcomes, but also included changes in behavior, attitudes, and knowledge regarding oral health. Duplicate papers were retrieved from the 7 databases and were removed. Titles were screened and grouped accordingly. If there was any uncertainty in the title, the abstract was read and assessed. Disagreement between reviewers was resolved through discussion, and consensus was reached with a third reviewer (O.L.). The inclusion criteria were studies incorporating the use of CAL (non-Web-based and Web-based) for oral health care learning activities, and targeted at either caregivers or patients or both. Studies of the following design were included: RCTs, casecontrol studies, cohort studies, and cross-sectional studies. Only studies written in the English language were selected.
Full texts of the potentially relevant papers were retrieved, read, and approved by 2 independent reviewers (N.A.M., J.Z.). Consensus was reached through discussion between reviewers. Observational studies and clinical trials were evaluated using STROBE criteria and CONSORT criteria, respectively.
Assessment of study heterogeneity
The assessment of study heterogeneity for data extraction was based on the following factors:
RESULTS
Searches of all the databases identified 2915 papers. Duplicate studies (n ¼ 694) between the databases were removed. A total of 2221 papers were then screened by the 2 independent reviewers (j ¼ 0.769), and 2168 papers were excluded due to unmet inclusion criteria. Full texts of 53 potential papers were retrieved, and were screened by the 2 independent reviewers (j ¼ 0.885). Five papers that met the inclusion criteria were selected for content evaluation, with 48 papers excluded, as they were either not clinical studies or not related to oral health, were review papers, or did not involve patients or caregivers. Studies that were performed using computers but in the form of home telecare, digital system, virtual reality, or simulation video were not included in this review. No additional studies were found through reference linkage. An overview of the study screening and selection process is summarized in Figure 1 (PRISMA flow diagram of the screened articles). Table 1 describes the details of the 5 papers that met the inclusion criteria.
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STUDY DESIGN
All studies selected for the review utilized CAL in the form of either a Web-based (3 studies) or non-Web-based (eg, computer-based software and CD-ROM or intranet) intervention. The 2 non-Webbased studies specifically evaluated the local use of computers at specified study sites. 27, 28 On the other hand, the Web-based studies provided online information and did not specify the physical location where study subjects could access this information. Among the 5 papers that met the inclusion criteria, 1 study was an RCT, 29 1
was a quasi-experimental study, 30 and 3 were post-intervention studies. 27, 28, 31 Three studies were conducted among caregivers (nurses, Jerreat et al. 27 ; midwives, George et al. 31 ; mothers/primary caregivers, Albert et al. 30 ) and 2 studies were on non-health care providers (patients from private clinics, Matthews et al., 2001 ; company employees: Ojima et al. 29 ). The sample size ranged from 6 subjects 29 to 589 subjects, 30 and the follow-up time ranged up to 3 months. 29 Two of the studies were conducted in the United States 28, 29 ; others were in Australia, Japan, and the United Kingdom.
CAL characteristics
The specific characteristics of CAL varied widely across the 5 studies. Two studies provided a Web-based program with videos, 29, 31 with 1 study providing additional hard copy information as an alternative for subjects without Internet access at home. 31 The Webbased videos investigated by George et al. 31 were on practical skills and demonstrated the provision of oral health education, assessment, and referral by midwives. Ojima et al. 29 used personalized videos containing patient-specific advice on oral care. The nonWeb-based interventions used a direct access method, with laptop computers with CD-ROMs and headphones placed at specific locations in community centers. 28 No further details regarding the delivery of CAL were provided by Jerreat et al. 27 Learning environments for CAL programs were based on convenience sampling, and included hospitals, community centers, and offices as well as at-home usage. The timing of CAL provision varied widely across the studies. The CAL program could be viewed immediately after registration of the subjects, 28, 30, 31 following written guidelines intervention, 27 and after face-to-face toothbrushing instruction and follow-up. 29 
Outcome measures
One study administered questionnaires before and after provision of CAL to assess knowledge, attitude, and behavior, 30 while 1 study used clinical indicators (eg, periodontal, plaque index). 29 The other studies used post-intervention questionnaires to assess behavior, 27 attitude, 28 and knowledge. 31 Jerreat et al. 27 and George et al. 31 also reported on the usefulness of the CAL program, and reported an improvement in the subjects' confidence to deliver information and promote oral health to patients. Albert et al. 30 reported improvements in knowledge, attitude, and behavior with respect to maternal caries transmission after the CAL intervention. The study by Ojima et al. 29 demonstrated significant improvement in clinical indicators (periodontal assessment, plaque accumulation, gingival inflammation, and oral hygiene) (P < .05) with the provision of CAL, compared to the control group at 3 months follow-up. Matthews et al., 28 however, did not observe a significant difference in the study outcome (eg, subjects' preference for dental anesthesia) even when both groups were given an identical CAL program. The study showed that patients' concerns about pain and anxiety have a significant effect on their preference for dental anesthesia, with no report on the effect of the CAL program used in both groups.
Reporting quality
STROBE and CONSORT assessment is detailed in Tables 2 and 3 . The single RCT was further assessed for risk of bias (Table 4) . 
DISCUSSION
Web-based delivery of CAL has been widely used as an additional tool for patient education in the medical field, 32 and significant impacts have been reported in both dental and medical education. 5, 33 Indeed, the systematic search used in this review retrieved a large number of studies detailing the use of CAL in other areas of dentistry, such as education for dental students and dental professionals. Few studies, however, were related to CAL delivery of information to patients or caregivers. The selection criteria for the type of study were not restricted to RCT, as this would have further limited the number of available studies for this review. The papers that met the inclusion criteria were found to be diverse in terms of study design, clinical setting, sample size, assessment instrument, and type of CAL intervention. Paradoxically, while there is a lack of formal study on CAL, this method of patient and caregiver education appears to have wide practical usage in dental practices. 23 Manufacturers such as Colgate and Oral-B provide a wide range of education to dental health care providers and patient education using videos and articles. It was also observed that the oral health education information available online was not limited to manufacturers' products. Oral care information was also provided online by particular institutions and private practices. In addition to improving services for patients, patient management, and communication, patients education is also provided by companies dedicated to dental care, such as Henry Schein and Patterson Dental. However, none of those provides evidence on the effectiveness of the methods used to educate patients and improved patient care. Such good results can be implemented in other areas of the globe to benefit patients. This review was limited to the use of CAL programs (one-way delivery of educational content to the user) to improve knowledge, attitude, behavior, and oral health. Studies on patients or caregivers related to home telecare, such as videoconferencing or use of digital systems to guide toothbrushing (eg, personal digital assistant and digital tooth brushing), virtual reality, and simulation of pre-and post-surgery were excluded from this review. CAL programs delivered via non-Web-based (eg, computer-based software and CDROMs) and Web-based formats are less complex and less costly, and were included in this review as they are the most widely used for delivering information to patients. 9, 13 CAL based on direct access via CD-ROM can also reach communities without Internet access, 34 while the Web-based method allows information to be accessed online at any time. 13 Therefore, the purpose of this review was to identify, in-depth, how CAL in these 2 formats has been used in the dissemination of information to patients, with the goal of informing clinicians as to the potential of CAL to deliver oral health education to a wider population, not only to those patients in the clinical, surgical, or hospital setting. The use of CAL via Web-based delivery appears to have more advantages over conventional methods of dissemination education such as didactic teaching or the use of computers in the presence of other personnel. These methods are often associated with additional constraints on financial and human resources. 24 For instance, the time required for health care providers to deliver health information to an individual or group of patients has been identified as a major issue. 13 The development of CAL programs at the initial stages can be costly, difficult, and time consuming. 35 The cost of program development and maintenance, however, will be lower in the long run. 36, 37 Proper planning of the program is also required to ensure that the information can be delivered effectively. 38 CAL program development is usually centralized at one particular center that manages the dissemination of information to widely diverse subject groups. Unlike other general or health information that is available online, CAL programs can be tailored to the needs of end users 39 either for a particular community or a personalized program. Specific details can be prepared and made relevant to the target group, and this could help to enhance the effectiveness of the intervention. 40 Besides tailoring the information for individual cases, a CAL program can also be tailored in terms of viewing time. 34 The flexibility to view the program without any restriction in timing or location has resulted in more positive outcomes. 41 In addition, it can also increase participants' satisfaction, concentration, 42 and interest. 24 This may lead to higher compliance and usage of a CAL program. However, studies have also shown that printed information can have higher usage rates compared to information delivered via computers. 34, 43, 44 This may be due to factors such as a lack of Internet access, [45] [46] [47] low interest, 48 and computer illiteracy. 49 There were a few limitations identified from the studies. Small study sample sizes and the lack of control groups likely influenced the study results and their generalizability. The effects of the intervention may also have been influenced by factors such as convenience sampling, small sample sizes, pilot studies, time constraints, computer skills, and technical problems. Technical problems may include the availability of Internet access and computer software compatibility. 31 In regard to the STROBE 50 and CONSORT 51 reporting checklist, this systematic review revealed that the number of items mentioned in the reported articles was low. Hence this may compromise the generalizability of the results due to low quality of the studies. Three out of the 4 studies that utilized questionnaires did not administer pre-intervention surveys. 27, 28, 31 Therefore, no definitive conclusions can be drawn with regard to the impact of the intervention before and after the programs. Furthermore, as 4 of the 5 studies did not perform follow-up assessments, 27, 28, 30, 31 the long-term impact of CAL on knowledge, attitudes, and behavior remains to be determined. In addition, the exclusion of unpublished literature and non-English studies may have resulted in a potential selection bias. Furthermore, large variations across studies in the timing and duration of the interventions, as well as assessment time points, may have led to ambiguous results of the studies on oral health. CAL can be extended with the use of tablets, mobile phones, or personal digital assistants, which are becoming more common even in low-and middle-income countries. Despite the high incidence of usage in developed countries, little is known on this use as "mobile health." A study by Kreb and Duncan (2015) found that even with a large proportion of the population using mobile phones, there are still many who do not use health apps due to high cost, low interest, and high data entry. 52 In general, the availability of information through computers or digital devices has shown inconsistency or limited improvement in terms of disseminating general health and oral health information, with little evidence. Therefore, proper planning and designing of CAL studies, and their impact, in relation to oral health in disseminating information and educating patients and caregivers are essential. Multidisciplinary collaboration among health stakeholders, database and Web personnel, dental practitioners, and the community may help to increase the dissemination of oral health information through CAL and improve oral health.
Overall, this systematic review shows that there is a need for more studies to strengthen the evidence regarding the impact of CAL on patient and caregiver education, particularly in oral health.
CONCLUSION
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